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Abstract
The ability of digital sky surveys to collect and
store very large amounts of data provides com-
pletely new ways to study the local universe.
Perhaps one of the most provocative observa-
tions reported with such tools is the asymme-
try between galaxies with clockwise and coun-
terclockwise spin patterns. Here I use ∼ 1.7 ·105
spiral galaxies from SDSS and sort them by
their spin patterns (clockwise or counterclock-
wise) to identify and profile a possible large-
scale pattern of the distribution of galaxy spin
patterns as observed from Earth. The anal-
ysis shows asymmetry between the number of
clockwise and counterclockwise spiral galaxies
imaged by SDSS, and a dipole axis. These find-
ings largely agree with previous reports using
smaller datasets. The probability of the differ-
ences between the number of galaxies to occur
by chance is (P < 4 · 10−9), and the probability
of an asymmetry axis to occur by mere chance
is (P < 1.4 · 10−5).
1 Introduction
Modern astronomical digital sky surveys are en-
abled by robotic telescopes collecting massive
databases of astronomical data. The availabil-
ity of these databases enable observations of the
local universe by analyzing a very large num-
ber of astronomical objects, an approach that
was not possible in the pre-information era. One
of the most provocative observations that have
been noted using these databases is the sus-
pected large-scale patterns of galaxy rotation
direction. Previous experiments showed non-
random patterns of the distribution of clock-
wise and counterclockwise galaxies (Longo, 2011;
Shamir, 2012, 2013; Hoehn and Shamir, 2014;
Shamir, 2016, 2017a,c,b; Lee et al., 2019a,b).
The asymmetry has been shown with manu-
ally annotated galaxies Longo (2011), as well as
with automatically annotated galaxies (Shamir,
2012), both showing differences in the num-
ber of clockwise and counterclockwise galaxies
as observed from Earth by SDSS, and exhibit-
ing a dipole axis (Longo, 2011; Shamir, 2012).
Other observations showed photometric asym-
metry between clockwise and counterclockwise
galaxies (Shamir, 2013). The marginal statis-
tical significance of the difference (Hoehn and
Shamir, 2014) was improved by the use of ma-
chine learning to show that the photometric vari-
ables of a galaxy can be used to predict its spin
pattern with accuracy much higher than mere
1
ar
X
iv
:2
00
4.
02
96
0v
1 
 [a
str
o-
ph
.G
A]
  6
 A
pr
 20
20
chance (Shamir, 2016). More recent work using
a larger set of galaxies showed clear and statisti-
cally significant photometric differences between
clockwise and counterclockwise galaxies in SDSS
(Shamir, 2017a,c) as well as Pan-STARRS galax-
ies (Shamir, 2017b), showing that the two dig-
ital sky surveys identify similar asymmetry be-
tween the photometry of clockwise and counter-
clockwise galaxies (Shamir, 2017b). Studies us-
ing a smaller number of 445 galaxies showed that
spin direction of neighboring galaxies can corre-
late even when the galaxies are too far to have
any gravitational interaction (Lee et al., 2019b).
Some evidence also showed alignment between
the polarization of quasars and the large-scale
structure (Hutseme´kers et al., 2014).
A pre-information era experiment showed no
difference between clockwise and counterclock-
wise galaxies (Iye and Sugai, 1991). However,
as no digital sky surveys were available at the
time, the dataset contained just a few thousand
galaxies, which is insufficient to show a statisti-
cal significance of the asymmetry. Another at-
tempt was made by using crowdsourcing analysis
of SDSS galaxies (Land et al., 2008), which also
showed no statistically significant difference be-
tween clockwise and counterclockwise galaxies.
However, that study also showed that untrained
volunteers do not excel in the task of classify-
ing galaxies by their spin patterns, leading to an
unclean dataset, heavily biased by the human
perception (Land et al., 2008). When compar-
ing the photometry of just the annotations on
which 95% or more of the volunteers agreed on,
the photometric differences between clockwise
and counterclockwise galaxies was aligned with
the same photometric asymmetry observed in
(Shamir, 2017c), but the selection of the galax-
ies makes the dataset too small to be considered
statistically significance (Shamir, 2017b).
Here I revisit the comparison of the number of
clockwise and counterclockwise galaxies by using
∼ 1.7 · 105 SDSS galaxies annotated automati-
cally by their spin patterns. The paper follows
the experiments in (Longo, 2011; Shamir, 2012),
but with more and cleaner data.
2 Data
The data used in this study was taken from the
Sloan Digital Sky Survey. The initial dataset
was a catalog of ∼ 3 · 106 SDSS galaxies with i
magnitude smaller than 18 and Petrosian radius
larger than 5.5” (Kuminski and Shamir, 2016).
That selection ensured that the galaxies are suf-
ficiently large and sufficiently bright to identify
their morphology, as the vast majority of SDSS
galaxies are too small and faint for a reliable
analysis of their shape.
The galaxies in the catalog were assigned with
the certainty of their broad morphological clas-
sification of elliptical and spiral galaxies, such
that a certainty value close to 0.5 indicates that
the certainty of the classification is low, while
a certainty value close to 1 indicates that the
classification of the galaxy is most likely cor-
rect. A detailed description of the catalog is
available in (Kuminski and Shamir, 2016). Ex-
periments with the automatic annotations of
45,377 included in the catalog and also clas-
sified by Galaxy Zoo as debiased “superclean”
showed that galaxies that were classified as spi-
ral galaxies with certainty higher than 0.54 were
in ∼98% of the cases in agreement with the debi-
ased “superclean” Galaxy Zoo annotations (Ku-
minski and Shamir, 2016), and therefore it is rea-
sonable to assume that galaxies classified as spi-
ral in certainty higher than 0.54 are indeed spiral
galaxies. With 0.54 as threshold, the dataset in-
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cluded 740,908 galaxies annotated automatically
as spiral (Kuminski and Shamir, 2016). It should
be noted that Galaxy Zoo data was used to as-
sess the accuracy of the catalog in comparison
to manual annotation, but was not used for any
classification of the galaxies, which was all done
in a fully automatic manner.
The set of spiral galaxies was then separated
into clockwise and counterclockwise galaxies us-
ing the Ganalyzer tool (Shamir, 2011a,b) as
was done in (Shamir, 2012; Hoehn and Shamir,
2014; Shamir, 2016, 2017a,c,b). Ganalyzer trans-
forms the galaxy images into their radial inten-
sity plots, which are images of dimensionality of
360×35, such that the X axis is the polar angle
(in degrees) and the Y axis is the radial distance
in percents of the galaxy radius. That is, the
value of the pixel (x, y) in the radial intensity
plot is the median value of the 5×5 pixels around
(Ox +sin(θ) ·r,Oy−cos(θ) ·r) in the original im-
age, where θ is the polar angle and r is the radial
distance. Ganalyzer then applies peak detection
to identify groups of peaks along the horizontal
lines of the radial intensity plot (Shamir, 2011a).
Figure 1 shows examples of original galaxy im-
ages, the transforms into radial intensity plots,
and the peaks detected in the radial intensity
plots.
Since arm pixels are expected to be brighter
than non-arm pixels at the same distance from
the galaxy center, the groups of peaks iden-
tify the galaxy arms. The vertical lines of the
peaks detected in the radial intensity plot cor-
respond to the curve of the arm, and linear re-
gression is applied to measure that curve. The
sign of the curve indicates whether the direc-
tion of the arm is clockwise or counterclock-
wise. The algorithm is described thoroughly
with examples and a detailed performance anal-
ysis in (Shamir, 2011a), as well as in (Hoehn and
Shamir, 2014; Shamir, 2012), and its application
to the galaxy dataset used in this study is de-
scribed in (Shamir, 2017a,c,b).
Because many galaxies identified as spiral do
not have a clear spin pattern or can be missclassi-
fied by the algorithm, only galaxies which their
spin pattern was classified with high certainty
were used. To avoid galaxies with unclear spin
pattern classification, only galaxies that had lin-
ear regression with at least 10 points (10 peaks
in the radial intensity plot) were used, and all
galaxies that did not have at least 10 peaks were
ignored. Also, at least 75% of the peaks were
expected to be aligned in one direction (clock-
wise or counterclockwise), and galaxies that did
not meet that criterion were also ignored. Man-
ual inspection of 200 randomly selected clock-
wise galaxies and 200 randomly selected counter-
clockwise galaxies showed that 10 galaxies clas-
sified as clockwise and 13 galaxies classified as
counterclockwise did not have identifiable spin
patterns, but none of these galaxies was miss-
classified.
Separating the galaxies to clockwise and
counterclockwise galaxies provided a dataset of
87,509 galaxies with clockwise spin patterns and
85,374 galaxies with counterclockwise patterns.
The rest of the galaxies were not assigned with
identifiable spin pattern, and were not used in
the following stages of the experiment. Assum-
ing random 0.5 probability of the galaxy to have
each of the two possible spin patterns, the prob-
ability to have such separation by chance can
be computed using cumulative binomial distri-
bution, such that the number of tests is 172,883
and the probability of success is 0.5. Under
these conditions, the two-tailed probability to
have 87,509 or more successes is P ' 3.7 · 10−9.
Repeating the experiment after mirroring the
galaxies led to the exact same results. That is
3
 Figure 1: Original images (left), their corresponding radial intensity plots (middle), and the peaks
detected in the radial intensity plots (right). The sign of the lines of the peaks determines the
curve of the arms of the galaxy, and therefore also the direction of rotation.
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expected since Ganalyzer is a deterministic algo-
rithm that works in a fully symmetric manner.
Figure 2 shows the distribution of the r mag-
nitude, Petrosian radius measured in the r band,
and the redshift of the galaxies classified by Gan-
alyzer as clockwise, counterclockwise, and galax-
ies that could not be classified to any of these
classes and remained unclassified. The vast ma-
jority of the galaxies do not have spectra, and
therefore just the subset of 10,281 galaxies that
had spectroscopic information could be used for
deducing the redshift distribution.
As the figure shows, while galaxies with higher
r magnitude tend to be classified less frequently
into clockwise or counterclockwise galaxies, the
distribution of the galaxies that could not be
classified by Ganalyzer is largely aligned with
the distribution of the galaxies that were clas-
sified as clockwise or counterclockwise. Figure 3
shows the distribution of galaxies that did not
have clear identifiable spin pattern in different
redshifts, radii, and r magnitudes.
3 Results
As discussed in Section 2, the difference in the
number of clockwise and counterclockwise galax-
ies is unlikely to be the result of mere chance.
Table 1 shows the number of clockwise and coun-
terclockwise galaxies in different parts of the sky.
The right ascension and declination were sepa-
rated into 30o ranges, and the asymmetry mea-
sured by cw−ccwcw+ccw in the different 30
o × 30o sec-
tions are specified in the table. The specific parts
of the sky in most cases do not show statisti-
cally significant differences between the number
of clockwise and counterclockwise galaxies, pos-
sibly due to the much smaller number of galaxies
in each section compared to the entire sky. Ta-
ble 2 shows the number of galaxies in each of the
parts of the sky of Table 1.
A cosmological-scale dipole axis is expected
to exhibit itself in the form of cosine depen-
dence (Longo, 2011; Shamir, 2012). To test for
a possible axis of asymmetry, for each (α, δ)
combination the cos(φ) galaxies were fitted into
d · | cos(φ)|, such that φ is the angular distance
between the geocentric coordinates of the galaxy
and (α, δ), and d is the spin direction (1 or -1).
That was done by assigning each galaxy with
a random number within {-1,1}, and χ2 fitting
d · | cos(φ)| to cos(φ), such that d is the ran-
domly assigned spin direction (1 or -1). The χ2
was computed 1000 times for each (α, δ), and the
mean and σ were computed for each (α, δ) com-
bination. Then, the χ2 mean computed with the
random spin patterns was compared to the χ2
when d was assigned to the actual spin direction.
The σ difference between the mean χ2 when the
spin directions are assigned randomly and the χ2
determined using the actual spin patterns of the
galaxies determines the statistical likelihood of
an axis to be at the (α, δ) coordinates.
Figure 4 shows the σ of the asymmetry axis of
all (α, δ) combinations. The most likely (α, δ)
was identified at (α = 88o, δ = 36o), with σ
of ∼4.34 (P < 0.000014). The 1σ error of the
axis is (62o, 124o) for the right ascension, and
(7o, 69o) for the declination.
Figure 5 shows the result of the same experi-
ment, but instead of using the spin patterns de-
termined by Ganalyzer as described in Section 2,
each galaxy was assigned a random spin direc-
tion. As expected, the graph does not show any
specific pattern or a certain axis that can be con-
sidered the most likely axis. The maximum σ of
all possible (α, δ) was not higher than 2.5.
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Figure 2: Distribution of the r magnitude, Petrosian radius measured in the r band, and the
distribution of redshift.
Table 1: The asymmetry between the number of clockwise and counterclockwise galaxies cw−ccwcw+ccw
in different RA and declination ranges.
Declination (degrees)
RA (degrees) -30-0 0-30 30-60 60-90
0-30 0.005±0.01 -0.015±0.01 -0.007±0.02 0±0.00
30-60 0.118±0.01 0.023±0.01 0.025±0.03 0.105±0.11
60-90 -0.074±0.03 -0.009±0.02 0.149±0.15 0.061±0.07
90-120 -0.045±0.07 0.046±0.02 -0.011±0.02 -0.101±0.06
120-150 0.031±0.03 0.018±0.01 0.028±0.01 0.023±0.04
150-180 0.099±0.02 -0.004±0.01 -0.008±0.01 -0.002±0.03
180-210 0.015±0.02 0.005±0.01 -0.001±0.01 0.11±0.03
210-240 0.046±0.03 0.004±0.01 0.046±0.01 0.031±0.04
240-270 -0.031±0.04 0.042±0.01 -0.028±0.01 -0.103±0.03
270-300 0.152±0.17 -0.055±0.08 0.114±0.06 -0.024±0.05
300-330 -0.07±0.02 -0.012±0.01 -0.107±0.09 -0.373±0.12
330-360 0.037±0.01 0.009±0.01 -0.047±0.03 0.2±0.18
4 Conclusion
The results of the experiment show asymmetry
between the number of galaxies with opposite
spin patterns. The portion of the universe ob-
served in this study is far larger than a galaxy
supercluster or any other known astrophysical
structure, and therefore if the source of the ob-
servation is indeed asymmetry between the num-
ber of galaxies with opposite spin patterns, that
can be considered an evidence of violation of the
cosmological isotropy assumption.
Previous observations using the asymmetry
between the number of clockwise and counter-
clockwise galaxies also showed evidence of viola-
tion of isotropy at a cosmological scale (Longo,
2011; Shamir, 2012, 2013; Hoehn and Shamir,
2014; Shamir, 2016, 2017a,c,b; Lee et al., 2019b;
Shamir, 2019, 2020). The spin pattern of a
galaxy is an indication of the galaxy’s actual
spin direction (Iye et al., 2019), and therefore
asymmetry between spin patterns might indi-
cate on links between the rotation of galaxies
that are too far from each other to have grav-
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Figure 3: Distribution of the galaxies that did
not have clear identifiable spin patterns in dif-
ferent r magnitude, Petrosian radius measured
in the r band, and redshift.
Table 2: The number of galaxies in different RA
and declination ranges.
Declination (degrees)
RA (o) -30-0 0-30 30-60 60-90
0-30 10482 14582 1875 0
30-60 8467 8337 962 76
60-90 1425 1793 47 179
90-120 224 2610 2101 316
120-150 1422 10560 8063 575
150-180 2110 9523 6421 1383
180-210 1880 9271 5725 1439
210-240 1499 10968 5759 512
240-270 510 6373 6176 1059
270-300 33 146 271 416
300-330 3467 4636 121 67
330-360 5989 11773 1230 30
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Figure 4: The σ of possible dipole axes in differ-
ent (α, δ) combinations.
itational interactions. Cosmological-scale links
were observed through other messengers such as
gamma ray bursts (GRBs), providing evidence of
non-uniform distribution that could violate the
isotropy assumption of the cosmological princi-
ple (Me´sza´ros, 2019). Short gamma ray bursts
(SGRBs) tend to have redshift of ∼1 (D’Avanzo
et al., 2014), but evidence of non-uniform red-
shift distribution of gamma ray bursts has been
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Figure 5: The σ of the dipole exes in different
(α, δ) combinations such that galaxies were as-
signed with random spin patterns.
observed at redshift of ∼2 (Horva´th et al., 2014).
Data from the Burst And Transient Source Ex-
periment showed anisotropy in the distribution
of SGRBs (Me´sza´ros et al., 1999; Bala´zs et al.,
2000; Vavrek et al., 2008). On the other hand,
long gamma ray bursts (LGRBs) that are typ-
ically of higher redshift are distributed more
homogeneously (Me´sza´ros and Me´sza´ros, 1996;
Kinugawa et al., 2019).
Fast radio bursts (FRBs) also showed cer-
tain evidence of non-homogeneous distribution
that might be in violation with the cosmolog-
ical principle (Katz, 2017). Multiple observa-
tions of cosmic microwave background (CMB)
data shows possible cosmological-scale polariza-
tion (Aghanim et al., 2014; Hu and White, 1997;
Cooray et al., 2003; Ben-David et al., 2012; Erik-
sen et al., 2004).
Violation of the isotropy and homogeneity as-
sumptions can also be related to the conflict-
ing measurements of the rate of the expansion
of the universe. Attempts to measure the ex-
pansion rate (Hubble constant) provided dif-
ferent results that depend on the messenger,
such that measurements with the cosmologi-
cally close Cepheids and Tip of the Red Giant
Branch (TRGB) provide different results, and
these measurements are significantly different
from the expansion rate measured using CMB
(Freedman et al., 2019). As these measurements
are more accurate than in previous years, it is
becoming increasingly more difficult to explain
the differences in the results without violating
the basic cosmological assumptions.
An early attempt to identify patterns in the
distribution of galaxy morphology was done by
Binggeli (1982). The position angles of 44 galaxy
clusters from the Abell (1958) catalog were de-
termined from elliptical galaxies in the clusters,
and the analysis showed that the orientation of
galaxy clusters is related to their neighboring
clusters to a scale of ∼100 Mpc. The average
redshift of these galaxies was ∼0.071, which is
close to the ∼0.068 average redshift of the galax-
ies used in the experiment described in this pa-
per. The non-random pattern of distribution of
galaxy spin directions is another indication of a
violation of homogeneity in this redshift range,
which is clearly far larger than a supercluster or
any other known astrophysical structure.
The distribution of the spin directions of the
galaxies is aligned in a manner that exhibits a
cosmological axis. The most probable dipole axis
is identified in (α = 88o, δ = 36o), with 1σ er-
ror of ∼ 30o in the RA. That distribution of the
spin directions can be linked to different geomet-
rical models of the universe (Campanelli et al.,
2006), and can also be an indication of previously
proposed theories of a rotating universe (Go¨del,
1949; Ozsva´th and Schu¨cking, 1962; Ozsvath and
Schu¨cking, 2001). It has been also proposed that
asymmetry between spin patterns of galaxies can
be driven by parity-breaking gravitational waves
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(Biagetti and Orlando, 2020). While these cos-
mological models shift from the standard mod-
els, direct evidence of the existence of dark mat-
ter have not yet been reported, gradually rein-
forcing the need for models that are not neces-
sarily based on the existence of dark matter.
The results reported in this paper do not have
an immediate explanation based on the standard
models. However, it is difficult to explain the re-
sults by a computer error. Repeating the experi-
ment with randomly assigned spin patterns leads
to no identifiable axis. Mirroring the galaxy im-
ages leads to flipped numbers of clockwise and
counterclockwise galaxies, which is expected as
the image analysis algorithm is a deterministic
and symmetric model-driven algorithm that is
not based on complex rules determined by train-
ing data of a machine learning system. More-
over, a computer error is expected to exhibit it-
self in the form of a consistent bias, rather than
different asymmetry in different directions of ob-
servation that forms an axis.
The analysis is based on the data acquired by
the Sloan Digital Sky Survey, and on the as-
sumption that these data are not biased in some
mysterious way that leads to a different num-
ber of clockwise and counterclockwise galaxies.
It is difficult, however, to think of a bias that
would lead to asymmetry between clockwise and
counterclockwise galaxies, as none of the SDSS
measurements are expected to be sensitive to the
spin direction of the galaxy. The galaxy classifi-
cation is done in a fully automated process, and
with no human involvement that could expose
the results to human perception bias. More pow-
erful sky surveys such as Vera Rubin Telescope
will provide more data, allowing higher resolu-
tion profiling of the asymmetry.
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